The role of conjugative interaction in stable carbenes of the l,2,4-triazol-5-ylidene type was studied at different levels of ab initio theory employing model compounds. In the case of parent 4,5-dihydro-l//-l,2,4-triazol-5-ylidene this type of interaction was found to be of similar importance as in 1,2,4-triazole and pyridine.
Introduction
Recently we reported synthesis, structure, and reactivity of the stable singlet carbene l,2,4-triphenyl-4,5-dihydro-1H-1,2,4-triazol-5-ylidene [1, 2] (cf. and measured electron densities in other stable carbenes of type 1 (cf. Scheme 2), Arduengo et al. [3] concluded that the stability of these singlet [4] species is * Presented by one of us (G.R.) at the 16th European Crystallography Meeting (ECM 16), Lund, Sweden, 6-11 August 1995.
Reprint requests to Dr. Gerhard Raabe. All calculations were performed employing the GAUSSIAN 92 suite of quantum chemical routines [8] . Final geometry optimizations for most compounds were carried out at the restricted HartreeFock (RHF) level with either the 6-31G** or 6-31 +G* [9] [10] [11] [12] [13] basis sets. In these cases correlation energy was included in single point calculations at RHF-optimized geometries using second order MollerPlesset perturbation theory [14] , To obtain more reliable molecular geometries, the structures of 2,3,4, and
Results and Discussion
Our results obtained by means of the isodesmic bond separation reactions (A-D) indicate significant Table 1 . Total energies (£ lol ) at the RHF/6-31G**-and Table 2 . Selected bond lengths, angles, and dihedral angles MP2/6-31G**-and harmonic zero point energies (e 0 ) at the (Ä, °) of 2 at the MP2/6-31 +G* (£ lol = -241.535236a.u.) and RHF/6-31G** level. All geometries were optimized at the MP2/6-31G** (£ lol = -241.539810a.u.) level. The number-RHF/6-31G** level. The energies are in a.u.
ing of the ring atoms is the same as in Figure 1 . conjugative interaction between the N = CH moiety and the adjacent (HN)2C: segment in 2.
Molecule
Moreover, the calculated energies of reaction suggest that, as far as energetics are concerned, this interaction is only slightly less important than that between the corresponding segments in 4 and pyridine.
This conjugative stabilization is also reflected by the differences between the C = N and N-C: bond lengths in 2 on the one hand, and H2C = NH (MP2/6-31 + G*: Table 3 . Selected bond lengths, angles, and dihedral angles (Ä, °) of 3 at the MP2/6-31+G* (£ lot =-241.921566a.u.) level and MP2/6-31G** (£ tot = -241.945154a.u.) level. The numbering of the ring atoms is the same as in Figure 1 . Table 4 . Selected bond lengths, angles, and dihedral angles (A, °) of 4 at the MP2/6-31+G* (£ tot = -241.581890a.u.) level and MP2/6-31G** (£ lol = -241.589446a.u.) level. The numbering of the ring atoms is the same as in Figure 1 . It is nevertheless clearly indicative of a certain degree of conjugative interaction between this structural element and the rest of the five-membered ring. With both basis sets the angle at the carbene center CI of 2 (MP2/6-31 + G*: 98.5°, MP2/6-31G**: 98.0°) is quite close to the experimentally determined value of 100.6(2)° for 1 [1] , Part of the conjugative interaction is retained in the open chain products resulting from non-isodesmic reductive ring cleavage (E-H). However, these reactions allow one to estimate the role of cyclic conjugation.
Again this type of interaction seems to be of similar importance in 2, 4 and pyridine.
The isodesmic hydrogen transfer reaction I (cf. Scheme 5) allows one to determine the additional stabilization of the diamino carbene fragment carbon atom by the presence of a C = N double bond in the five-membered ring.
The change of energy associated with this reaction also emphasizes the non-negligible role of the conjugative interplay of the different molecular segments in 2.
Although these interactions determine the ground state properties of the molecule beyond any doubt, it is difficult, if not impossible, to estimate their absolute effect on the experimentally observed overall reactivity not only of the highly substituted carbene 1 but also on that expected for parent 2. Due to donation of the lone pairs of the neighbouring nitrogen atoms into the formally vacant 2pz orbital at the divalent carbon atom, the electrophilic reactivity of the carbene will be reduced. However, participation of this orbital in a resonance hybrid might leave unchanged or even enhance the nucleophilic reactivity of the species. Thus at -245.1 kcal/mol (ZPE + MP2/6-31G**//RHF/ 6-31G**) the change of energy associated with protonation of the carbenoid lone pair is very high for a neutral organic molecule. Dixon and Arduengo [4] obtained an even higher value of approximately -250 kcal /moi f°r protonation of 1 at a comparable level of accuracy. Since dimerization involves both the carbenic lone pair as well as the partly occupied 2pz orbital of the divalently bonded carbon atom, examination of this reaction seems to be more informative. Some stationary points located (RHF/6-31G**) on the (C2N3H3)2 surface are shown in Fig. 2 (D1-D5) .
The relative energies given in Fig. 2 were calculated at the MP2/6-31G**//RHF/6-31G** level, and the following discussion of the geometries refers to the RHF/6-31G**-optimized structures. are local minima, the least stable isomer D5 is a saddle point, characterized by one imaginary frequency in the spectrum of its normal vibrations. The most stable isomer is D2.
At an energy of reaction of -9.53 kcal /moi (MP2 + ZPE/6-31G**//RHF/6-31G**) the dimerization resulting in D2 (cf. Scheme 6) is clearly exoenergetic. However, compared with the double bond energy of, e.g., ethene (171.3 kcal /moi 3 ), this value is rather low. Using this value in the approximate relationship between the double bond energy and A£st of the frag- 
Conclusion
The results of isodesmic and non-isodesmic reactions applied to 4,5-dihydro-lH-l,2,4-triazol-5-ylidene emphasize the role of conjugative interaction between the molecular fragments of this species. Corn- UHF/6-31G**//UHF/6-31G**: £,",= -240.669682a.u., <s 2 > = 2.025, e 0 = 0.061693a.u.; UMP2/6-31G**//UHF/ 6-31G * *: £ t0 , = -241.391848a.u.; ROHF/6-31G*7/ROHF/ 6-31G**: £,",= -240.664473a.u., e 0 = 0.062120a.u.; MP2/ 6-31G**//ROHF/6-31G**: £ = -241.392310a.u. 
